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In 2005-2006, 87% of all reported cases of disease outbreak in the United States related 
to recreational water use was caused by bacterial infections of the gastrointestinal tract. Several 
locations featuring recreational bodies of water in Western New York include: Durand Eastman 
Beach, Charlotte Beach, the Genesee River, Black Creek, Irondequoit Bay and Oatka Creek. 
Adequate monitoring of water quality is necessary due to contamination with pathogenic strains 
of Pseudomonas aeruginosa and enteric pathogens such as Escherichia coli O157:H7, 
Salmonella typhimurium, and Shigella sonnei that can threaten the safety of swimming in these 
recreational waters. Except for P. aeruginosa, which is a ubiquitous microorganism, these 
pathogens are not normally found in surface waters and sediments. This study looks at the 
survival rate of various human pathogens in freshwater and sediments used recreationally in the 
Rochester area. A loopful of pathogenic cells were incubated overnight in nutrient broth; and 
then inoculated into various water/sediment samples to test the survival rate of each pathogen by 
plating each pathogen to specific isolation media over time. The pH was measured in surface 
waters and sediments (~8.2 and ~7.6, respectively) and it appears that pH does have some affect 
on pathogen survivability. The survival rate of pathogenic microorganisms cannot be predicted 
by using the nutrient concentration (nitrate and phosphate) where low or high nutrient 
concentrations had no effect on the fate of pathogen survival rate in the water or sediments. With 
the nutrient pollution in Lake Ontario, it appears to not have a major effect on the survival rate of 





Western New York is well known for its vacation spots with many popular parks and 
scenic landmarks noted for recreational water activities (1). The diversity of recreational water 
areas ranges from small creeks to the Great Lakes, which constitute a number of interactive 
ecosystems with constantly evolving microbes. The creeks and streams contain different bio-
diversity and environmental parameters from the Great Lakes. The nutrients, micro-organisms or 
organic matters are transferred through the water current where the streams flow into rivers and 
then into lakes, bringing in the substances resulting in a variety of scenarios like polluting the 
recreational water with high concentrations of nutrients. In 2005-2006, 87% of all reported cases 
of disease outbreaks in the United States related to recreational water were caused by bacterial 
infection of the gastrointestinal tract (2). A question arose regarding several locations that feature 
shallow recreational water in Western New York including Durand Eastman Beach, Charlotte 
Beach, the Genesee River, Black Creek, Irondequoit Bay, and Oatka Creek and if there is a high 
risk of acquiring bacterial infection associated to gastrointestinal tracts from those locations. The 
untreated water being used for recreational water activities is susceptible to contamination with 
organisms that can cause infectious gastroenteritis, as opposed to treated water. 
 
The Routes of Transmission 
There are many different routes for pathogens to be transferred to a different source: 
airborne, respiratory, wildlife activity, sexual activity, food, water, or health care. The 
recreational water becomes contaminated through fecal and water routes. The water-washed 
microorganisms can be transferred into different sources of freshwater by several mechanisms, 
including rainfall, wind, human activity, defective sewer systems, natural disasters, and wildlife 
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activity. Enteric pathogens inside the hosts are introduced to the environment mostly by the fecal 
route and able to survive outside the host only if there are proper environmental conditions (3). 
The most significant cause of water pollution in rivers and lakes is the discharge and 
runoff from agriculture where 59% of water pollution in rivers and 31% of water pollution in 
lakes are caused by agriculture as reported in 1998 (4). This water pollution from agriculture has 
been an ongoing issue for more than 20 years due to ineffective regulations made by the United 
States Environmental Protection Agency (4). 
Pathogens can be accumulated and discharged into recreational water through defective 
sewer systems. There are three wastewater treatment facilities that discharge the treated water 
into Lake Ontario which are: Northwest Quadrant, Frank E. VanLare and Eastman Business Park 
(changed from Kodak’s King’s Landing). Eastman Business Park discharges their treated water 
into the Genesee River located near Seneca Park Zoo and then it flows into Lake Ontario. There 
are three major steps in treating the water in the wastewater treatment plants: primary treatment, 
secondary treatment, and tertiary treatment. They remove and degrade the organic matter to meet 
the standard requirement where it is safe enough to be discharged into Lake Ontario and Genesee 
River (5).  
Disinfection occurs during tertiary treatment and the most common process to disinfect 
the water is using a chlorine gas. Northwest Quadrant and Frank E. VanLare wastewater 
treatment facilities add chlorine to the effluent. Chlorinated effluent travels three miles to the 
discharge point and the chlorinated effluent has 15 minutes to disinfect the water. It will be 
discharged at a depth of 120 feet into Lake Ontario and result in a lower level of chlorine in the 
water. King’s Landing wastewater treatment facility used to not have a similar method as 
Northwest Quadrant and VanLare wastewater treatment facilities, where King’s Landing did not 
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include chlorinated effluent to disinfect pathogens in the water before discharging it into 
Genesee River. King’s Landing depended on aeration and clarifier to reduce the number of 
pathogens in water (6, 7).  
 
The Risk of Acquiring Water-washed Diseases 
Once in shallow water, pathogens can persist in several locations such as open water and 
sediments. The sediments on the lake bed and bay act as reservoirs for microorganisms shown in 
Figure 1, although they may also be resuspended in the water, thereby increasing the risk of 
infection. The risk of exposure to pathogens is greatest in shallow water compared to the deeper 
water of swimming areas due to high risk of resuspension of pathogens from contaminated 
sediments. The microorganisms can be resuspended into surface water from the sediments 
through swimming, currents, motorboat activity, storms (wind or rainfall), or activity of wildlife. 
The chance of microorganisms being resuspended is higher in shallow water than deeper 
freshwater lakes (8).  
	  




Adequate monitoring of water quality is necessary to improve the safety of swimming in 
recreational waters. There are several programs that monitor the water quality in New York: The 
Rotating Integrated Basin Studies, Stream Biomonitoring, the Lake Classification and Inventory, 
the Citizens Statewide Lakes Assessment, the Water Assessments by Volunteer Evaluators, and 
the Professional External Evaluations of Rivers and Streams (9). According to EPA standards for  
risk management of recreational water, there are two things that are being measured; enterococci 
and E. coli. The allowable level of enterococci is 35 cfu/100 mL and 126 cfu/100 mL of E. coli 
(10). EPA standard for nitrate in water is 10 mg/L, while there’s no standard for phosphate but it 
has a recommendation for phosphorus of 20 ug/L (11). 
It is important to understand how various human pathogens survive in secondary 
environments such as recreational water. It is unclear how each pathogen can persist in these 
environments and what environmental parameters influence survivability. Enteric pathogens are 
transmitted to different hosts, through accidental fecal release or poor hygiene, where people are 
not frequently washing their hands or taking a shower before getting into recreational water. 
Once the enteric pathogens are introduced to the secondary environment (water/sediments) from 
the primary environment (gastrointestinal tract), their characteristics and functions will be altered 
to adapt to the secondary environment temporarily until a new host is found.  
There are many enteric pathogens that are involved in causing gastrointestinal tract 
infections, the three major common enteric pathogens are: Escherichia coli, Salmonella 
typhimurium, and Shigella sonnei. Differences in survivability in non-host environments are not 
completely understood; however, it is likely that differences in expression of survival-related 
genes play a role (12). Furthermore, the differences in genome size or complexity between 
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Salmonella and E. coli strains (the former being ~10-20% more complex) may contribute a 
survival advantage for Salmonella over E. coli in the non-host environment (13). 
	  
Enteric Pathogen – Escherichia coli O157:H7 
It remains to be understood how Escherichia coli strains survive and function in open 
environments, including recreational swimming areas (13). Because the continuous presence of 
E. coli in soil or water is normally not found, E. coli is considered an “indicator” species of 
contamination with human or animal fecal waste (14). E. coli O157:H7 has shown to be normal 
flora in various dairy cattle and has been isolated from cattle feces. Runoff of manure used to 
fertilize agricultural crops may result in the introduction of potentially pathogenic E. coli into 
water systems (15).  
Escherichia coli O157:H7 is a rod-shaped, gram-negative bacteria responsible for 75% of 
enterohemorrhagic Escherichia coli (EHEC) infections worldwide. The mortality rate with 
illness from EHEC is 3% to 5%. The infective dose is estimated to be from 10 to 100 cells, with 
a 2 to 4 day incubation period (16). The symptoms include abdominal pain, nausea, vomiting, 
and watery, bloody diarrhea every 15 to 30 minutes which might result in hemorrhagic colitis. 
The duration of illness is from 3 to 10 days.  E. coli O157:H7 is one of the leading causes of 
bacterial hemolytic uremic syndrome in children under the age of 10 years. However, E. coli is 
not the only microbial pathogen that may contaminate recreational water. The optimal pH for E. 
coli O157:H7 to grow is pH 6 – 7 but it still can grow at a  pH range of  4.4 – 9.0. E. coli 






Enteric Pathogen – Salmonella typhimurium 
Another enteric pathogen of concern is Salmonella typhimurium, which may survive 
better than E. coli in recreational water in certain situations. Salmonella typhimurium is 
responsible for non-typhoidal salmonellosis, which is common in the United States. Salmonella 
can be found nearly everywhere in nature: the intestinal tracts of vertebrates, pond-water 
sediments, contaminated water, contaminated meat, farm-irrigation water systems, soil, insects, 
factory equipment, and hands (15).  
Winfield and Groisman (2003) questioned whether E. coli is a valid indicator strain of 
fecal contamination of recreational water, as the survivability of E. coli in water must be equal to 
or greater than the survivability of other enteric pathogens present in the contaminated water 
(14). For example, in seawater, Salmonella enterica survivability is more favorable than that of 
E. coli (12). However, in waste treatment ponds, Salmonella typhimurium was only able to 
survive up to 18 days while E. coli was able to survive up to 26 days (18). That raises some 
concerns of their capability of undergoing evolutionary change to adapt to the environments, 
increasing the risk of disease outbreaks. Some Salmonella strains survive better than E. coli in 
non-aquatic locations as well (13). Salmonella can be transmitted into water by defective sewer 
systems where it is not filtered thoroughly or forms fecal incidents and results in contaminated 
water. Contaminated food can be infected through poor food preparation practices from 
contaminated hands where humans can be chronic carriers – a person carrying pathogens without 
causing any symptoms (16).  
S. typhimurium is a gram-negative, rod-shaped, non-spore-forming, motile bacterium. 
The mortality rate with the illness from non-typhoidal salmonellosis is less than 1%. The healthy 
status of the host and strain type determines the range of infective dose, from 200 to 1,000,000 
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cells (16); the symptoms can begin to appear from 6 to 72 hours post-infection. Symptoms 
include nausea, vomiting, abdominal cramps, diarrhea, fever, and headache. The illness typically 
persists for 3 to 7 days (16). Death can occur in immuno-compromised individuals – the very 
young and the elderly – if not treated properly. The annual reported cases of non-typhoidal 
salmonellosis reached 1,027,561 in the US; however, that is not the total number due to many 
cases where the symptoms are mild and go unreported. The optimal pH for S. typhimurium to 
grow is pH 7-7.5 but it still can grow over a pH range of 3.8-9.5 (19). 
 
Enteric Pathogen – Shigella sonnei 
A study from 1973 did an experiment on the survival rate of various bacteria including 
Shigella sonnei and Salmonella typhimurium. Their survival was tested with fresh well water 
being continually added to the tank and the results indicated S. sonnei survived better than 
Salmonella (20). S. sonnei’s survival in water is limited; however, the survival rate changes as 
the water gets contaminated with sewage (21). Several S. sonnei outbreaks were reported from 
water sources including: recreational spray fountains, ponds at parks, swimming pools, 
waterparks, hot tubs and spas, lakes, rivers, and oceans (22-24). A study done by Marsharipov, 
N.P. in 1970 (as cited in Stuart, Gary, James, Carole, & David, 1974 and Mawak & Dada, 1997) 
found that the survivability of S. sonnei was greatly influenced by the components in their 
aqueous environment where the inorganic and organic materials were correlated with the 
persistence of pathogenic bacteria.  
Shigella sonnei is a gram negative, non-spore-forming rod that is highly infective due to its 
ability to produce various enterotoxins. Shigella sonnei’s major host is humans and the organism 
is often found in water polluted with human feces; however, certain strains do not survive well in 
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the environment. The mortality of S. sonnei is approximately 10 to 20% where the infective dose 
is estimated to be as few as 10 cells and it is the second leading cause of hemolytic uremic 
syndrome in the United States and Canada (16). The incubation period is approximately 8 to 50 
hours and the symptoms include tenesmus, watery and bloody diarrhea, fever, and systemic 
manifestation of anorexia and myalgia. The duration of illness is from 2 to 7 days. S. sonnei has 
been found on foods such as parsley and radish sprouts where fecally-contaminated water was 
used to wash the food (15). The optimal pH for S. sonnei to grow is pH 6-8 but it still can grow 
over a pH range of 5-9 (25). 
 
Ubiquitous Pathogen – Pseudomonas aeruginosa 
The survival rate of P. aeruginosa and E. coli was tested with sediments from various 
lakes in Texas and it was found that P. aeruginosa survived better than E. coli. They survived 
more than 14 days in the chamber inoculated with sediment samples from various lakes (26). P. 
aeruginosa is an aerobic, non-fermentative, and non-spore-forming gram-negative rod. This 
species is motile most often with a single polar flagellum, or sometimes with two or three 
flagella. If nitrate is available, some strains of Pseudomonas can proliferate anaerobically via 
denitrification, but it is usually a strict aerobe. The optimum temperature and pH for growth is 
37OC and 7.4 to 7.6, but it can grow from 6 to 42OC. P. aeruginosa has been found to cause 
infections in individuals swimming in poorly chlorinated swimming pools and inadequately 
chlorinated spas and hot tubs (27). The mortality rate, infective dose, and illness duration are 
unknown due to the large number of species and strains. It is considered a ubiquitous and 
opportunistic microorganism that can live nearly anywhere. It was isolated from bacteremia, 




The Impact of Environmental Conditions on Survivability of Pathogens  
 Proper environmental conditions can allow various pathogens to survive in secondary 
environments. Environmental parameters such as temperature, oxygen concentration, and 
nutrient availability may allow E. coli to survive and proliferate (14). The environmental 
parameters in the rivers, streams and lakes are different. The rivers and streams have different 
physical and chemical characteristics from the lakes, where a river and stream can alter the 
environmental parameters in the lake and pond through the water current with which it carries 
the nutrients into the lake and pond.  
Streams contain primary producers (photosynthetic organisms) as the light can penetrate 
through the water to the bottom of the stream. Photosynthetic organisms accumulate biomass by 
secreting dissolved organic matter and providing nutrients for heterotrophic microbial 
populations. Phytoplankton can be found in streams but since the water is flowing, the 
population of phytoplankton is not always stable (28). As the streams receive water from springs 
and continue to flow, the streams become larger and accumulate dissolved organic matters from 
the erosion process from surface runoff and sediments. Streams flow into the river, and as the 
concentration of dissolved organic matter increases, the strength of the light penetration through 
the water weakens, limiting the growth of the photoautotrophic population. The heterotrophic 
population begins to thrive on the increased concentration of dissolved organic matter. Due to 
their flow patterns, the water environment is typically well aerated which means aerobic or 
facultatively aerobic microorganisms are typically found there (28). The river flows into the lake 
where the shallow near-shore water typically contains a high population of primary and 
secondary productions such as algae and cyanobacteria resulting in the accumulation of biomass 
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(29). Another factor that may influence longevity of bacteria is the diversity of organisms in 
water (20). 
In a tropical rain forest watershed, E. coli and Salmonella are capable of surviving more 
than 5 days (30). The ability of Salmonella to survive in water and soil presents the opportunity 
for Salmonella to infect new hosts (14). Data indicate wastewater containing plasmid- and 
integron-carrying bacteria are able to conjugate with other bacterial hosts. The study examined 
66 strains of Aeromonas and Enterobacteriaceae. The wastewater environment allows for the 
opportunity for bacteria to spread antibiotic resistance determinants (31). The greater the 
survivability of a pathogen in water, the more likely it will undergo the process of conjugation, 
resulting in enhanced pathogenicity of the microbes in recreational surface water and sediments. 
Sediments can provide nutrients to pathogenic bacteria, which allow them to thrive and survive 
better than in surface water (32).  Salmonella’s survivability increases when the species is able to 
obtain sufficient nutrients and the sediment may provide protection from competing bacteria. 
Environmental parameters such as temperature and nutrient availability can influence pathogen 
competition within sediments, increasing their survival rate (14). 
The pH in the environment is one of the parameters that has an influence on the survival 
of pathogens. The tolerance in pH level depends on which strains of E. coli O157:H7 are present. 
There are several studies done on E. coli O157:H7 which showed that they have acid-adaptive 
responses to survive acidic environments like pH 3.6 to 4.0, and the same is true for S. 
typhimurium (33). Some pathogens are able to survive in low acidic environments. The study 
found that E. coli O157:H7 grew well in broth with pH 9 when comparing with pH 4.5 (34). 
This study looks at the influence of various environmental factors on the survivability of 
four human pathogens; E. coli O157:H7, Salmonella typhimurium, Shigella sonnei, and P. 
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aeruginosa.  These pathogens can be found in shallow recreational waters in western New York 
(NY) and will be tested for their ability to survive in different aquatic environments, including 
both surface water and sediments. Various sources of surface water and sediments will be tested, 
including large lakes, large river systems, and creeks that are used recreationally in Monroe 
County. Along with the various sources of water and sediment, nutrient levels including nitrate, 
phosphate, and pH will be analyzed.   
Table 1.  Characteristics of four commonly found human pathogens. 
 Infective Dose Optimal 
pH 
Incubation Colonization Disease 
E. coli 
O157:H7 




























MATERIALS AND METHODS 
Pathogenic Microorganisms 
 E. coli O157:H7, Shigella sonnei, Salmonella typhimurium and Pseudomonas aeruginosa 
were used in this study. All bacterial strains were isolated from various patients presenting 
disease symptoms. All strains were maintained on nutrient agar plates (nutrient broth 8g; agar 
15g per liter of distilled H2O.) New stock plates were generated every 3 – 4 weeks.  
 
Medium  
Eosin-methylene blue (EMB)(Hardy Diagnostics, Santa Maria, CA) agar plates were 
prepared in the lab by adding 37.5g EMB to 1L of H2O and autoclaved 20 minutes at 121 OC. It 
is used for the culturing of E. coli from experimental tests. Figure 2 shows the typical appearance 
of E. coli. 
Salmonella Shigella agar(Hardy Diagnostics, Santa Maria,CA) were made by adding 60g 
SS powder to 1L of H2O and then boiled briefly to completely dissolve the solution and used to 
culture S. typhimurium and S. sonnei from experimental testsFigure 3 shows typical colonies of 
S. typhimurium and Figure 4 shows typical colonies of S. sonnei.  
Figure 2: Escherichia coli 
O157:H7 on EMB agar 
Figure 3: Salmonella 
typhimurium on SS agar 




Pseudomonas selective agar base(HiMedia Laboratories, 
India) was made by adding 10 mL of glycerol and 37.23g of 
Pseudomonas isolation agar or 45.3g of Cetrimide agar(HiMedia 
Laboratories, India)  to 1L of H2O and then autoclaved for 20 
minutes at 121OC for the cultivation of P. aeruginosa. Figure 5 
shows the appearance of typical P. aeruginosa colonies.  
Nutrient broth(Hardy Diagnostics, Santa Maria,CA) was 
used for culturing pathogens (8g nutrient broth, 1L H2O). 
Nutrient broth was prepared as per recipe and then dispensed into bottles and autoclaved at 
121OC degree for 20 minutes. Nutrient broth was stored at room temperature until used. 
Nutrient agar plates were made by mixing 8g of nutrient broth to 1L of distilled H2O in a 
2L flask, adding 16g agar and autoclaving for 20 minutes at 121OC. Cooled agar was poured into 
plates and allowed to solidify overnight before use. Unused plates were stored in the cold room.  
 
Serial Dilution 
Peptone broth was prepared by mixing 1g of peptone and 1L of H2O, the pH was adjusted 
to 7.2 and then 9mL of peptone broth was added to 16x150mm test tubes which were capped and 
then autoclaved at 121OC degree for 20 minutes, stored in the cold room until used. From each 
test flask 1mL samples were aseptically taken and serially diluted. Samples were taken every 




Figure 5: Pseudomonas 
aeruginosa on 
Pseudomonas isolation agar 
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Nutrient and pH Analyses 
Nitrate and phosphate in the water and sediment samples were analyzed from each season 
using test kits purchased from the Hach Company, Loveland, CO. Nitrate and phosphate were 
determined according to the instructions provided for each kit.  The pH level of water and 
sediments were recorded by using pH Meter, Model IQ240. The probe was calibrated with the 
pH 7.00 buffer and then pH 10.00 buffer. After calibrating the probe, the sediment and water 
samples were shaken to distribute contents evenly in the bottle. 
 
Experimental Setup   
A loopful of cells was inoculated in 10 mL of nutrient broth in a 125mL flask and grown 
for 18-20 hours at 35OC, shaken at 130-140 RPM. 0.2 mL of an overnight culture of cells was 
used to inoculate 40 mL of a water or sediment sample in a 250 mL flask and incubated non-
shaking at room temperature.  Samples were removed aseptically and serial diluted using 0.1% 
peptone broth.  E. coli was plated to EMB agar, Salmonella typhimurium and Shigella sonnei 
were plated to SS agar, and P. aeruginosa were plated to PIA or Centrimide agar. Plates were 
incubated at 35OC for 24 hours. After 24 hours, plates were counted, viable cells/ml were 
determined, and then converted to log viable cells/ml. A log transformed linear regression 
analysis was used in Microsoft Excel to determine survival rates. The log reduction was used to 
determine the survivability of pathogens where 2-log reduction indicates 99% death or reduction 
in viability of the pathogen population. 
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 Surface water and sediments were collected seasonally. Empty 500mL bottles were first 
rinsed with the water from the specific water sample in the river or lake to remove any possible 
contamination substances in the bottle. The samples were collected by using the water sampling 
dipper shown in Figure 6. These samples were collected from 
Durand Eastman Beach, Charlotte Beach, Oatka Creek, 
Black Creek, Genesee River and Irondequoit Bay. The 
samples were collected then stored in a 4ºC refrigerator until 
use. Samples were used within one month of collection. 
Figure 7 shows the location of the sampling sites.  
The day before the Fall samples were collected, 
November 23, 2015 had a maximum temperature of 3 ºC and 
minimum temperature of -4 ºC where there was 0.01 inches 
of precipitation and 0.3 inches of snowfall resulting in 1-inch snow depth. On January 30, 2016, 
the climate in Rochester had maximum and minimum temperature of 10 ºC and -7 ºC with less 
than 0.01 inches of snowfall. On April 17, 2016, it was only 21 ºC and 3 ºC as maximum and 
minimum temperatures with no precipitation. On May 26, 2016, the temperature was 29 ºC and 
13 ºC with 0.07 inches of precipitation (35). 
 
Figure 6: The sampling dipper 










 The concentration of nitrate and phosphate in milligrams per liter and pH data are shown 
in tables 2 - 5. The average pH in the surface water throughout the seasons (Fall, Winter, Spring 
and Summer) was 8.2, 8.3, 8.2, and 8.1, respectively. The pH for the sediments in four seasons 
was 7.5, 7.8, 7.6, and 7.5. where the surface water had an average pH of 8.2, and the pH for 
sediments was 7.6. The concentration of phosphate is usually below 1 mg/L, while it is different 
for nitrate. The concentration of nitrate in both surface water and sediments decreased in Spring 
and then increased in Summer. In some sediment samples, there was an increase of nitrate 
concentration during Winter. 
 
Survival Rate of Escherichia coli O157:H7 
The survival rate of the E. coli population varies in each seasons and sources. Table 2 
shows the difference in their survival rates between four seasons with the concentration of nitrate 
and phosphate in milligrams per liter and pH. During Fall, it shows that E. coli in the sediment 
sample from Oatka Creek persisted for greater than 14 days with 0.44 mg/L concentration of 
nitrate and 7.87 pH.    
During Winter, 99% of the E. coli population was able to persist more than 14 days in 3 
sediment samples: Charlotte Beach, Oatka Creek and Irondequoit Bay. Oatka Creek had a nitrate 
concentration of 7.48 mg/L with a pH level of 7.25.   
During Spring, 99% of the population of E. coli managed to persist up to 2 - 4 days in all 
samples except for the sediment sample from Oatka Creek where it persisted for 9 days. 
During Summer, 99% of the population of E. coli declined within 2 – 4 days except for 




Table 2: Days required for 99% reduction in E. coli population. 
FALL	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   6	  	   1.32	   0.3	   8.13	   9	  	   2.2	   0.24	   7.55	  
Irondequoit	  Bay	   4	  	   4.4	   0.33	   8.13	   12	  	   13.2	   0.52	   7.37	  
Oatka	  Creek	   4	  	   6.6	   0.35	   8.31	   >	  14	  	   0.44	   0.2	   7.87	  
Charlotte	  Beach	   4	  	   6.6	   0.05	   8.07	   4	  	   4.84	   0.12	   7.45	  
Black	  Creek	   6	  	   2.2	   0.3	   8.26	   2	  	   0.88	   0.2	   7.45	  
Durand	  Beach	   12	  	   3.96	   0.23	   8.13	   12	  	   5.28	   0.11	   7.75	  
	  	  
WINTER	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   2	  	   1.32	   0.55	   8.22	   4	  	   5.72	   0.14	   8.12	  
Irondequoit	  Bay	   >	  14	  	   3.52	   0.08	   8.3	   >	  14	  	   7.04	   0.29	   7.83	  
Oatka	  Creek	   4	  	   7.48	   0.13	   8.34	   >	  14	  	   1.32	   3.3	   7.25	  
Charlotte	  Beach	   4	  	   3.08	   0.1	   8.18	   >	  14	  	   7.92	   0.12	   8.09	  
Black	  Creek	   12	  	   3.08	   0.27	   8.31	   9	  	   4.4	   0.16	   7.4	  
Durand	  Beach	   12	  	   2.64	   0.18	   8.23	   12	  	   7.04	   0.09	   8	  
	  	  
SPRING	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   4	  	   0.44	   0.25	   8.1	   2	  	   0	   1.39	   7.43	  
Irondequoit	  Bay	   2	  	   0.88	   0.2	   8.33	   2	  	   2.2	   1.4	   7.04	  
Oatka	  Creek	   4	  	   7.48	   0.15	   8.16	   9	  	   0.88	   1.05	   7.34	  
Charlotte	  Beach	   2	  	   0.44	   0.18	   8.16	   2	  	   0	   0.14	   7.93	  
Black	  Creek	   4	  	   2.64	   0.2	   8.35	   2	  	   2.64	   0.84	   7.39	  
Durand	  Beach	   4	  	   2.64	   0.18	   8.35	   2	  	   2.64	   0.25	   7.89	  
	  	  
SUMMER	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   4	  	   0	   0.05	   7.98	   >	  14	  	   3.96	   0.48	   7.49	  
Irondequoit	  Bay	   2	  	   8.36	   0.17	   8.41	   2	  	   0.88	   0.19	   7.5	  
Oatka	  Creek	   2	  	   6.16	   0.08	   8.16	   2	  	   4.84	   0.34	   7.08	  
Charlotte	  Beach	   2	  	   3.08	   0.17	   8.24	   4	  	   2.2	   0.1	   7.98	  
Black	  Creek	   2	  	   1.76	   0.25	   8.05	   9	  	   11.44	   3.3	   7.45	  




Survival Rate of Salmonella typhimurium 
The survival rate of S. typhimurium population varies in seasons and sources. Table 3 
shows the difference in their survival rates between the four seasons with the concentration of 
nitrate and phosphate in milligrams per liter and pH. In the Fall samples, the S. typhimurium 
population was able to persist for more than 14 days in the water sample from Oatka Creek and 
12 to 14 days in the sediment samples from Irondequoit Bay, Oatka Creek, and Charlotte Beach. 
During Winter, S. typhimurium populations seem to be able to persist for 14 days in the 
sediment samples from Irondequoit Bay and Oatka Creek and in the water samples from Oatka 
Creek, Black Creek, and Irondequoit Bay.  
During Spring, the S. typhimurium population declined within 2 to 4 days except for the 
sediment sample from Oakta Creek where it lasted for 9 days.  
During Summer, the S. typhimurium population was able to persist in all samples for 2 – 




Table 3:  Days required for 99% reduction in S. typhimurium population. 
FALL	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   6	   1.32	   0.3	   8.13	   2	   2.2	   0.24	   7.55	  
Irondequoit	  Bay	   4	   4.4	   0.33	   8.13	   14	   13.2	   0.52	   7.37	  
Oatka	  Creek	   >	  14	   6.6	   0.35	   8.31	   12	   0.44	   0.2	   7.87	  
Charlotte	  Beach	   4	   6.6	   0.05	   8.07	   14	   4.84	   0.12	   7.45	  
Black	  Creek	   12	   2.2	   0.3	   8.26	   2	   0.88	   0.2	   7.45	  
Durand	  Beach	   2	   3.96	   0.23	   8.13	   2	   5.28	   0.11	   7.75	  
	  	  
WINTER	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   2	   1.32	   0.55	   8.22	   2	   5.72	   0.14	   8.12	  
Irondequoit	  Bay	   >	  14	   3.52	   0.08	   8.3	   >	  14	   7.04	   0.29	   7.83	  
Oatka	  Creek	   14	   7.48	   0.13	   8.34	   14	   1.32	   3.3	   7.25	  
Charlotte	  Beach	   4	   3.08	   0.1	   8.18	   4	   7.92	   0.12	   8.09	  
Black	  Creek	   14	   3.08	   0.27	   8.31	   9	   4.4	   0.16	   7.4	  
Durand	  Beach	   2	   2.64	   0.18	   8.23	   4	   7.04	   0.09	   8	  
	  	  
SPRING	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   4	   0.44	   0.25	   8.1	   2	   0	   1.39	   7.43	  
Irondequoit	  Bay	   2	   0.88	   0.2	   8.33	   2	   2.2	   1.4	   7.04	  
Oatka	  Creek	   4	   7.48	   0.15	   8.16	   9	   0.88	   1.05	   7.34	  
Charlotte	  Beach	   2	   0.44	   0.18	   8.16	   2	   0	   0.14	   7.93	  
Black	  Creek	   4	   2.64	   0.2	   8.35	   6	   2.64	   0.84	   7.39	  
Durand	  Beach	   4	   2.64	   0.18	   8.35	   2	   2.64	   0.25	   7.89	  
	  	  
SUMMER	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   6	   0	   0.05	   7.98	   4	   3.96	   0.48	   7.49	  
Irondequoit	  Bay	   2	   8.36	   0.17	   8.41	   4	   0.88	   0.19	   7.5	  
Oatka	  Creek	   2	   6.16	   0.08	   8.16	   2	   4.84	   0.34	   7.08	  
Charlotte	  Beach	   2	   3.08	   0.17	   8.24	   2	   2.2	   0.1	   7.98	  
Black	  Creek	   2	   1.76	   0.25	   8.05	   2	   11.44	   3.3	   7.45	  





Survival Rate of Shigella sonnei 
The survival rate in 99% of the S. sonnei population varies by each season and source. 
Table 4 shows the difference in their survival rates between the four seasons with the 
concentration of nitrate and phosphate in milligrams per liter and pH. During Fall, the S. sonnei 
population was able to persist for  2 - 14 days in both water and sediment samples. S. sonnei 
population was able to persist in sediment a few days longer than in surface water. 
During Winter, the S. sonnei population was able to survive for 2 – 4 days in all samples 
except for the sediment sample from Genesee River where it lasted 6 days with 8.12 pH and 5.72 
mg/L of nitrate. 
During Spring, the survival rate of S. sonnei in surface water samples appears to improve 
when comparing with Winter samples, ranging from 2 to 6 days; while for the sediment samples, 
the survival rate remains the same as Winter.  
During Summer, the S. sonnei population managed to persist up to 2 days in all samples 





Table 4:  Days required for 99% reduction in S. sonnei population. 
FALL	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   6	   1.32	   0.3	   8.13	   12	   2.2	   0.24	   7.55	  
Irondequoit	  Bay	   4	   4.4	   0.33	   8.13	   6	   13.2	   0.52	   7.37	  
Oatka	  Creek	   2	   6.6	   0.35	   8.31	   2	   0.44	   0.2	   7.87	  
Charlotte	  Beach	   2	   6.6	   0.05	   8.07	   9	   4.84	   0.12	   7.45	  
Black	  Creek	   14	   2.2	   0.3	   8.26	   14	   0.88	   0.2	   7.45	  
Durand	  Beach	   2	   3.96	   0.23	   8.13	   2	   5.28	   0.11	   7.75	  
	  	  
WINTER	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   2	   1.32	   0.55	   8.22	   6	   5.72	   0.14	   8.12	  
Irondequoit	  Bay	   4	   3.52	   0.08	   8.3	   2	   7.04	   0.29	   7.83	  
Oatka	  Creek	   2	   7.48	   0.13	   8.34	   2	   1.32	   3.3	   7.25	  
Charlotte	  Beach	   4	   3.08	   0.1	   8.18	   2	   7.92	   0.12	   8.09	  
Black	  Creek	   2	   3.08	   0.27	   8.31	   2	   4.4	   0.16	   7.4	  
Durand	  Beach	   4	   2.64	   0.18	   8.23	   4	   7.04	   0.09	   8	  
	  	  
SPRING	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   6	   0.44	   0.25	   8.1	   6	   0	   1.39	   7.43	  
Irondequoit	  Bay	   6	   0.88	   0.2	   8.33	   4	   2.2	   1.4	   7.04	  
Oatka	  Creek	   4	   7.48	   0.15	   8.16	   2	   0.88	   1.05	   7.34	  
Charlotte	  Beach	   2	   0.44	   0.18	   8.16	   2	   0	   0.14	   7.93	  
Black	  Creek	   2	   2.64	   0.2	   8.35	   2	   2.64	   0.84	   7.39	  
Durand	  Beach	   6	   2.64	   0.18	   8.35	   2	   2.64	   0.25	   7.89	  
	  	  
SUMMER	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   2	   0	   0.05	   7.98	   2	   3.96	   0.48	   7.49	  
Irondequoit	  Bay	   2	   8.36	   0.17	   8.41	   2	   0.88	   0.19	   7.5	  
Oatka	  Creek	   4	   6.16	   0.08	   8.16	   2	   4.84	   0.34	   7.08	  
Charlotte	  Beach	   2	   3.08	   0.17	   8.24	   2	   2.2	   0.1	   7.98	  
Black	  Creek	   2	   1.76	   0.25	   8.05	   2	   11.44	   3.3	   7.45	  




Survival Rate of Pseudomonas aeruginosa 
The survival rate of P. aeruginosa population varies in each season and source. Table 5 
shows the difference in their survival rates between four seasons with the concentration of nitrate 
and phosphate in milligrams per liter and pH. During Fall, Pseudomonas was able to persist for 
more than 14 days in the sediment and water, except for the water samples from Genesee River 
and Irondequoit Bay. 
During Winter, in the water sample from Charlotte Beach, Pseudomonas was not able to 
survive more than 4 days. 99% of the population died within 4 days in the sediment samples 
from Black Creek and Durand Beach. It was a total of 9 days for the population to survive in the 
sediment sample from Irondequoit Bay.  
During Spring, the P. aeruginosa population persisted for more than 14 days in all 
samples except the surface water samples from Genesee River, Irondequoit Bay, Charlotte 
Beach, and Black Creek where 99% of population died between 4 – 6 days. Over all four 
seasons, it shows Pseudomonas survived the best in the summer samples in both pH of 7 and 8, 







Table 5:  Days required for 99% reduction in P. aeruginosa population. 
FALL	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   9	   1.32	   0.3	   8.13	   >	  14	   2.2	   0.24	   7.55	  
Irondequoit	  Bay	   9	   4.4	   0.33	   8.13	   >	  14	   13.2	   0.52	   7.37	  
Oatka	  Creek	   >	  14	   6.6	   0.35	   8.31	   >	  14	   0.44	   0.2	   7.87	  
Charlotte	  Beach	   >	  14	   6.6	   0.05	   8.07	   >	  14	   4.84	   0.12	   7.45	  
Black	  Creek	   >	  14	   2.2	   0.3	   8.26	   >	  14	   0.88	   0.2	   7.45	  
Durand	  Beach	   >	  14	   3.96	   0.23	   8.13	   >	  14	   5.28	   0.11	   7.75	  
	  	  
WINTER	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   >	  14	   1.32	   0.55	   8.22	   >	  14	   5.72	   0.14	   8.12	  
Irondequoit	  Bay	   >	  14	   3.52	   0.08	   8.3	   9	   7.04	   0.29	   7.83	  
Oatka	  Creek	   >	  14	   7.48	   0.13	   8.34	   >	  14	   1.32	   3.3	   7.25	  
Charlotte	  Beach	   4	   3.08	   0.1	   8.18	   >	  14	   7.92	   0.12	   8.09	  
Black	  Creek	   >	  14	   3.08	   0.27	   8.31	   4	   4.4	   0.16	   7.4	  
Durand	  Beach	   >	  14	   2.64	   0.18	   8.23	   4	   7.04	   0.09	   8	  
	  	  
SPRING	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   4	   0.44	   0.25	   8.1	   >	  14	   0	   1.39	   7.43	  
Irondequoit	  Bay	   4	   0.88	   0.2	   8.33	   >	  14	   2.2	   1.4	   7.04	  
Oatka	  Creek	   >	  14	   7.48	   0.15	   8.16	   >	  14	   0.88	   1.05	   7.34	  
Charlotte	  Beach	   4	   0.44	   0.18	   8.16	   >	  14	   0	   0.14	   7.93	  
Black	  Creek	   6	   2.64	   0.2	   8.35	   >	  14	   2.64	   0.84	   7.39	  
Durand	  Beach	   >	  14	   2.64	   0.18	   8.35	   >	  14	   2.64	   0.25	   7.89	  
	  	  
SUMMER	   Surface	  Water	   Sediment	  
Days	   Nitrate	   Phosphate	   pH	  	   Days	   Nitrate	   Phosphate	   pH	  
Genesee	  River	   >	  14	   0	   0.05	   7.98	   >	  14	   3.96	   0.48	   7.49	  
Irondequoit	  Bay	   >	  14	   8.36	   0.17	   8.41	   >	  14	   0.88	   0.19	   7.5	  
Oatka	  Creek	   >	  14	   6.16	   0.08	   8.16	   >	  14	   4.84	   0.34	   7.08	  
Charlotte	  Beach	   >	  14	   3.08	   0.17	   8.24	   >	  14	   2.2	   0.1	   7.98	  
Black	  Creek	   >	  14	   1.76	   0.25	   8.05	   >	  14	   11.44	   3.3	   7.45	  






Survival Rate of Four Pathogens 
The number of days before each pathogen population declines by 99% is very different. 
P. aeruginosa has a much longer life span in waters before 99% reduction is seen with many 
environments showing little reduction in 14 days, as seen in table 6. 
Table 6. Days required for 99% reduction in the pathogen population.  
Fall E. coli Shigella Salmonella Pseudomonas 
Durand Eastman Water 12 2 2 > 14 
Durand Eastman Sediment 12 2 2 > 14 
Black Creek Water 6 14 12 > 14 
Black Creek Sediment 2 14 2 > 14 
Charlotte Beach Water 4 2 4 > 14 
Charlotte Beach Sediment 4 9 14 > 14 
Oatka Creek Water 4 2 > 14 > 14 
Oatka Creek Sediment > 14 2 12 > 14 
Irondequoit Bay Water 4 4 4 9 
Irondequoit Bay Sediment 12 6 14 > 14 
Genesee River Water 6 6 6 9 
Genesee River Sediment 9 12 2 > 14 
 
Table 7 shows the survival rate of P. aeruginosa appears to be weaker than E. coli during 
Winter where 99% of the population did not persist more than 4 days in the sediment samples 
from Durand Eastman and Black Creek, while E. coli managed to survive longer in the same 
samples.  
Table 7. Days required for 99% reduction in the pathogen population. 
Winter E. coli Shigella Salmonella Pseudomonas 
Durand Eastman Water 12 4 2 > 14 
Durand Eastman Sediment 12 4 4 4 
Black Creek Water 12 2 14 > 14 
Black Creek Sediment 9 2 9 4 
Charlotte Beach Water 4 4 4 4 
Charlotte Beach Sediment > 14 2 4 > 14 
Oatka Creek Water 4 2 14 > 14 
Oatka Creek Sediment > 14 2 14 > 14 
Irondequoit Bay Water > 14 4 > 14 > 14 
Irondequoit Bay Sediment > 14 2 > 14 9 
Genesee River Water 2 2 2 > 14 
Genesee River Sediment 4 6 2 > 14 
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The survival rate of E. coli, S. typhimurium and P. aeruginosa seem to favor the 
environment in the sediment sample from Oatka Creek for three seasons: Fall, Winter, and 
Spring where 99% of the population were able to persist for 9 – 14 days (Tables 6, 7 & 8). 
Table 8. Days required for 99% reduction in the pathogen population. 
Spring E. coli Shigella Salmonella Pseudomonas 
Durand Eastman Water 4 6 4 > 14 
Durand Eastman Sediment 12 2 2 > 14 
Black Creek Water 4 2 4 6 
Black Creek Sediment 2 2 6 > 14 
Charlotte Beach Water 2 2 2 4 
Charlotte Beach Sediment 2 2 2 > 14 
Oatka Creek Water 4 4 4 > 14 
Oatka Creek Sediment 9 2 9 > 14 
Irondequoit Bay Water 2 6 2 4 
Irondequoit Bay Sediment 2 4 2 > 14 
Genesee River Water 4 6 4 4 
Genesee River Sediment 2 6 2 > 14 
 
 
Table 9 shows the survival rate of four pathogens in days where P. aeruginosa was able 
to survive more than 14 days in all samples during Summer. The enteric pathogens were unable 
to survive more than 4 days except for the sediment sample from Black Creek with E. coli where 
99% of the population lasted up to 9 days.  
Table 9. Days required for 99% reduction in the pathogen population. 
Summer E. coli Shigella Salmonella Pseudomonas 
Durand Eastman Water 2 2 2 > 14 
Durand Eastman Sediment 2 2 4 > 14 
Black Creek Water 2 2 2 > 14 
Black Creek Sediment 9 2 4 > 14 
Charlotte Beach Water 2 2 2 > 14 
Charlotte Beach Sediment 4 2 2 > 14 
Oatka Creek Water 2 4 2 > 14 
Oatka Creek Sediment 2 2 2 > 14 
Irondequoit Bay Water 2 2 2 > 14 
Irondequoit Bay Sediment 2 2 2 > 14 
Genesee River Water 4 2 6 > 14 





Table 10 shows the average time required for the population to reduce by 99% for each 
pathogen in overall locations for water and sediment sources with each season and overall 
seasons. 
Table 10. Days required for 99% reduction in the pathogen population. 
Fall E. coli S. sonnei S. typhimurium P. aeruginosa 
Water 12 2 >14 >14 
Sediment 9 9 14 >14 
Winter     
Water 12 4 14 >14 
Sediment 9 6 >14 >14 
Spring     
Water  4 4 4 >14 
Sediment >14 2 >14 >14 
Summer     
Water  2 2 2 >14 
Sediment  2 2 14 >14 
Overall E. coli S. sonnei S. typhimurium P. aeruginosa 
Water 12 2 >14 >14 
Sediment 9 2 >14 >14 
 
The log reduction was used to determine the survivability of pathogens where the 
population of pathogen declined by 99% for 2-log reduction. On average, the survival of 
organisms in both surface water and sediments ranked from longest to shortest as follows: P. 
aeruginosa > E. coli > S. typhimurium > S. sonnei (Fig 8). S. sonnei is the most sensitive 
pathogen having a reduction of 99% population typically occur after approximately 2 days in 






































Escherichia coli O157:H7 
When comparing the nutrient concentrations between sediments and surface water, there 
were random patterns in the concentration of nutrients where it appears to have no effect on the 
survival rate. During Winter season, E. coli had a better survival rate in sediments than surface 
water. In 3 out of 6 sediment samples, 99% of the E. coli population did not decline until after 14 
days. During the Spring season, in nearly all samples, the species managed to survive up to 2 - 4 
days except for the sediment sample from Oatka Creek (9 days). During the Summer season, 
99% of the E. coli population declined from 2 to 4 days in water and sediment samples except 
for the sediment samples from Black Creek and Genesee River which persisted for 9 days and 
more than 14 days, respectively. When comparing all seasons, the survival of E. coli seems to 
not depend on the concentration of nutrients because there are random patterns of survivability in 
which, out of all four seasons, some survived the best in the sediment samples during the Winter 
season. They also favor lower pH levels for best growth conditions which are more likely in 
sediment than surface water where surface water typically has pH 8 and sediment has pH 7. 
There was no significant relationship between the nutrient ratio and pathogen’s survival rate. 
 
Salmonella typhimurium 
In the Fall samples, S. typhimurium appears to be able to survive in an environment with 
pH levels of 7 or 8. In the Winter samples, S. typhimurium was able to survive in an environment 
with low concentrations of nitrate (1.32 mg/L). The sediment samples from Oatka Creek during 
Fall, Winter, and Spring seem to have the most favorable environment for S. typhimurium to 
survive for 9 to 14 days. The nutrient ratio in all three seasons had no pattern where it was able 
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to survive in high or low concentrations of nitrate; however, the pH level is lower in sediments 
than surface water which is more favorable for enteric pathogens (Table 1). In the Summer, S. 
typhimurium declined very quickly in all samples regardless if the sample had a high nutrient 
level. There was a nitrate concentration of 8.36 mg/L in an Irondequoit Bay water sample with 
8.41 pH and 99% of the S. typhimurium population declined in 2 days. 
 
Shigella sonnei 
During Fall, S. sonnei was able to persist longer in sediments than water. Sediments had a 
lower pH than water such that it may enhance the ability of S. sonnei to persist in sediments 
longer. The survival rate of S. sonnei was better in the Fall samples than Winter samples 
regardless of nutrient concentrations ranging from 0–13.2 mg/L. The pH does not appear to 
enhance the survivability. The survival rate for S. sonnei improved in Spring but their capacity 
to survive in Fall samples is better than both Winter and Spring samples. In the Summer, a 99% 
reduction in S. sonnei was seen within 2 days, but was 4 days in the water from Oatka Creek. 
This may indicate that acquiring the infection from S. sonnei via swimming in recreational water 
(rivers or lakes) is very low especially during the Summer. Out of the four pathogens, S. sonnei 
seems to be the most sensitive to environmental stress. 
 
Pseudomonas aeruginosa 
The data from the Fall samples shows that the nutrient ratio doesn’t provide the optimal 
opportunity for P. aeruginosa to survive longer. P. aeruginosa possibly survives better with low 
pH levels rather than high pH levels. During the Summer season, 99% of P. aeruginosa was able 
to survive more than 14 days in both samples: sediment and water. During the Winter season, in 
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the water sample from Charlotte Beach, 99% of P. aeruginosa was unable to survive more than 4 
days. This goes the same for the sediment samples from Durand Beach, Black Creek, and 
Irondequoit Bay. The data from the sediment sample from Oatka Creek shows us that the low 
nutrient ratio does not critically inhibit the ability of P. aeruginosa to survive in sediment. If 
there are high nutrient concentrations in the sample, there might also be a high activity of 
microorganisms that might inhibit P. aeruginosa from surviving effectively. In the Spring, it 
shows that Pseudomonas survived a lot more efficiently in sediment than water regardless if it 
had low concentrations of nutrients. Out of all the seasons, P. aeruginosa survived the best 
during Summer in pH levels of 7 and 8, regardless of low or high nutrient concentrations. 
P. aeruginosa would have a better chance of surviving during the Summer in both surface 
water and sediments. E. coli and S. typhimurium favor Winter the most in both sediments and 
surface water;  it was Fall for S. sonnei as shown in Table 11.   
Table 11: Seasonal Survivability in sediment and water. 
 
P. aeruginosa 
Water Summer > Winter > Fall > Spring 
Sediment Summer = Spring = Fall > Winter 
 
E. coli 
Water Winter > Fall > Spring > Summer 
Sediment Winter > Fall > Summer > Spring 
 
S. typhimurium 
Water Winter > Fall > Spring > Summer 
Sediment Winter > Fall > Spring > Summer 
 
S. sonnei 
Water Fall > Spring > Winter > Summer 







Environmental parameters could be used to analyze the survival rate of microbial species 
in water and sediment. In this study, nitrate, phosphate, pH, and type of water source were used 
to analyze pathogen survival in potential recreational waters.  
There was no significant relationship between the nutrient concentration and a pathogen’s 
survival rate. Another possible variable that contributes to their survival rate is the native 
microbes in the environment where E. coli may have been outnumbered by other native species 
in the samples. The pH level plays a factor in the survival rate of enteric pathogens since they 
favor lower pH environments (nearer 7.0). The acidity in the intestines ranges from 6 to 7.4 pH 
which is the primary environment for the enteric pathogen to survive (36).  P. aeruginosa is an 
ubiquitous microorganism that can survive in the environment with a pH as low as 7 or as high 
as 8.   
 The environmental parameters that determine the fate of enteric pathogens in natural 
water are: temperature, moisture, light, pH, salts, organic matter, sediments, and biological 
factors. The most critical factor is temperature when it can freeze the enteric pathogen to death in 
Winter or nourish them with moderate temperature in Spring (3). The other important parameters 
that can determine the risk of enhancing the survival rate in the pathogens may be the diversity 
of predators and nature of competition. Enteric pathogens may be unable to effectively compete 
for nutrients with the natural heterotrophic population. The environment might contain large 
populations of heterotrophic bacteria (3). Several cases were examined on the survivability of 
enteric pathogens in both sterilized water and water taken from lakes and rivers. The enteric 
pathogens were able to survive better in sterilized water due to native microflora. The native 
microflora is usually antagonistic, making it harder for the enteric pathogens to survive. It was 
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shown that the native microflora were antagonizing the enteric pathogens in sewage and natural 
water. However, if the prediction of a predator is assumed to be correct then harmful algal 
blooms can result in the decline of biodiversity due to low levels of dissolved oxygen in water 
becoming dead zones. The concern with the environment nowadays is increasing due to the 
anthropogenic impacts. The antibiotic pollution might destroy the native microflora in the future 
if pollution continues, or climate change could alter the native microflora in water in different 
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Appendix A: Concentration of Nitrate in Four Seasons 
 
The concentration of phosphate and nitrate in the samples were measured. The recorded 
measurement of their concentration was in mg/L. The figure A.1 shows the decline of nitrate in 
water samples during Spring.  
 






































Figure A.2. shows the concentration of nitrate in sediments was greatly increased during winter 
due to suspension in the water. The stratification in the water during Winter alters the chemical 
and physical characteristics in water where the temperature in the sediments is warmer than the 
surface water and there are more nutrients in the bottom of the bed but when the water gets 
warmer, organic matter re-suspends back to the surface water. Resuspension of organic matter 
results in a decrease of nutrient levels in sediments during Spring. 
 




























Appendix B: Survival Rate Graphs for Each Pathogen in 
Surface Water and Sediments Seasonally 
 
Figure B1. Pseudomonas aeruginosa was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the autumn in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Pseudomonas Isolation agar plates and incubated for 24 hours at 35 ºC. After 
24 hours, viable cell counts were determined. Various dilutions were used to calculate the log 
viable cell count for each water source. 
 
Figure B2. Pseudomonas aeruginosa was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Autumn 
in a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL 
samples were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 
0.1 mL was then plated on Pseudomonas Isolation agar plates and incubated for 24 hours at 35 
ºC. After 24 hours, viable cell counts were determined. Various dilutions were used to calculate 
























































Figure B3. Pseudomonas aeruginosa was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during Winter in a 250 
mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were 
taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was 
then plated on Pseudomonas Isolation agar plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 
cell count for each water source. 
 
Figure B4. Pseudomonas aeruginosa was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Winter in 
a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Pseudomonas Isolation agar plates and incubated for 24 hours at 35 ºC. After 
24 hours, viable cell counts were determined. Various dilutions were used to calculate the log 



















































Figure B5. Pseudomonas aeruginosa was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Spring in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Pseudomonas Isolation agar plates and incubated for 24 hours at 35 ºC. After 
24 hours, viable cell counts were determined. Various dilutions were used to calculate the log 
viable cell count for each water source. 
 
Figure B6. Pseudomonas aeruginosa was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Spring in 
a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Pseudomonas Isolation agar plates and incubated for 24 hours at 35 ºC. After 
24 hours, viable cell counts were determined. Various dilutions were used to calculate the log 



















































Figure B7. Pseudomonas aeruginosa was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Summer in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Pseudomonas Isolation agar plates and incubated for 24 hours at 35 ºC. After 
24 hours, viable cell counts were determined. Various dilutions were used to calculate the log 
viable cell count for each water source. 
 
Figure B8. Pseudomonas aeruginosa was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Summer 
in a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL 
samples were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 
0.1 mL was then plated on Pseudomonas Isolation agar plates and incubated for 24 hours at 35 
ºC. After 24 hours, viable cell counts were determined. Various dilutions were used to calculate 




















































Figure B9. Escherichia coli O157:H7 was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Autumn in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Eosin methylene blue plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 
cell count for each water source. 
 
 
Figure B10. Escherichia coli O157:H7 was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Autumn 
in a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL 
samples were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 
0.1 mL was then plated on Eosin methylene blue plates and incubated for 24 hours at 35 ºC. 
After 24 hours, viable cell counts were determined. Various dilutions were used to calculate the 

























































Figure B11. Escherichia coli O157:H7 was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Winter in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Eosin methylene blue plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 
cell count for each water source. 
 
Figure B12. Escherichia coli O157:H7 was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Winter in 
a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Eosin methylene blue plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 




























































Figure B13. Escherichia coli O157:H7 was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Spring in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Eosin methylene blue plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 
cell count for each water source. 
 
 
Figure B14. Escherichia coli O157:H7 was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Spring in 
a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Eosin methylene blue plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 




























































Figure B15. Escherichia coli O157:H7 was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Summer in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Eosin methylene blue plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 
cell count for each water source. 
 
 
Figure B16. Escherichia coli O157:H7 was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Summer 
in a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL 
samples were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 
0.1 mL was then plated on Eosin methylene blue plates and incubated for 24 hours at 35 ºC. 
After 24 hours, viable cell counts were determined. Various dilutions were used to calculate the 




























































Figure B17. Salmonella typhimurium was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Fall in a 250 
mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were 
taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was 
then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, 
viable cell counts were determined. Various dilutions were used to calculate the log viable cell 
count for each water source. 
 
Figure B18. Salmonella typhimurium was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Fall in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 



















































Figure B19. Salmonella typhimurium was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Winter in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 
cell count for each water source. 
 
Figure B20. Salmonella typhimurium was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Winter in 
a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 



















































Figure B21. Salmonella typhimurium was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Spring in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 
cell count for each water source. 
 
Figure B22. Salmonella typhimurium was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Spring in 
a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 


















































Figure B23. Salmonella typhimurium was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each water source that was collected during the Summer in a 
250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples 
were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL 
was then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 
hours, viable cell counts were determined. Various dilutions were used to calculate the log viable 
cell count for each water source. 
 
Figure B24. Salmonella typhimurium was grown overnight in nutrient broth. From the culture, 
0.2 mL was then added to 40 mL of each sediment source that was collected during the Summer 
in a 250 mL flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL 
samples were taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 
0.1 mL was then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 
24 hours, viable cell counts were determined. Various dilutions were used to calculate the log 


















































Figure B25. Shigella sonnei was grown overnight in nutrient broth. From the culture, 0.2 mL was 
then added to 40 mL of each water source that was collected during the Fall in a 250 mL flask, 
mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were taken at 
various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was then plated 
on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, viable cell 
counts were determined. Various dilutions were used to calculate the log viable cell count for 
each water source. 
 
Figure B26. Shigella sonnei was grown overnight in nutrient broth. From the culture, 0.2 mL was 
then added to 40 mL of each sediment source that was collected during the Fall in a 250 mL 
flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were 
taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was 
then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, 
viable cell counts were determined. Various dilutions were used to calculate the log viable cell 






















































Figure B27. Shigella sonnei was grown overnight in nutrient broth. From the culture, 0.2 mL was 
then added to 40 mL of each water source that was collected during the Winter in a 250 mL 
flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were 
taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was 
then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, 
viable cell counts were determined. Various dilutions were used to calculate the log viable cell 
count for each water source. 
 
Figure B28. Shigella sonnei was grown overnight in nutrient broth. From the culture, 0.2 mL was 
then added to 40 mL of each sediment source that was collected during the Winter in a 250 mL 
flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were 
taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was 
then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, 
viable cell counts were determined. Various dilutions were used to calculate the log viable cell 



















































Figure B29. Shigella sonnei was grown overnight in nutrient broth. From the culture, 0.2 mL was 
then added to 40 mL of each water source that was collected during the Spring in a 250 mL flask, 
mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were taken at 
various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was then plated 
on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, viable cell 
counts were determined. Various dilutions were used to calculate the log viable cell count for 
each water source. 
 
Figure B30. Shigella sonnei was grown overnight in nutrient broth. From the culture, 0.2 mL was 
then added to 40 mL of each sediment source that was collected during the Spring in a 250 mL 
flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were 
taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was 
then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, 
viable cell counts were determined. Various dilutions were used to calculate the log viable cell 
























































Figure B31. Shigella sonnei was grown overnight in nutrient broth. From the culture, 0.2 mL was 
then added to 40 mL of each water source that was collected during the Summer in a 250 mL 
flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were 
taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was 
then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, 
viable cell counts were determined. Various dilutions were used to calculate the log viable cell 
count for each water source. 
 
Figure B32. Shigella sonnei was grown overnight in nutrient broth. From the culture, 0.2 mL was 
then added to 40 mL of each sediment source that was collected during the Summer in a 250 mL 
flask, mixed, and incubated in a shaking incubator at room temperature. 1 mL samples were 
taken at various time points and serially diluted in 0.1% peptone broth at pH 7.2. 0.1 mL was 
then plated on Salmonella-Shigella plates and incubated for 24 hours at 35 ºC. After 24 hours, 
viable cell counts were determined. Various dilutions were used to calculate the log viable cell 















































Shigella	  sonnei	  in	  Sediment
(Summer)
Genesee	  River
Irondequoit	  Bay
Oatka	  Creek
Charlotte	  Beach
Black	  Creek
Durand	  Eastman	  Beach
